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CONJUGATES OF ANTISENSE OLIGONUCLEOTIDES 
AND THERAPEUTIC USES THEREOF 

Hus invention relates generally to the inhibition and/or regulation of expression 
and replication of cellular or foreign nucleic add in cells by means of antisense 
5 oligonucleotides conjugated to a ligand binding molecule that recognizes a cell surface 
molecule. More specifically, this invention relates to the inhibition of viral expression 
or replication in viral infected cells, and/or endogenous nucleotide expression or 
replication in cells. Specific examples are compositions useful in AIDS, TNF induced 
diseases/symptoms, and cancer therapy comprising at least one antisense 

1 0 oligonucleotide (or analogue thereof) conjugated to an antibody against a cell surface 
antigen, a growth factor^ an antibody to a growth factor, an antibody to a cell surface 
receptor, or an antibody which recognizes a complex of growth factor and receptor. 
Methods of making the compositions, and methods of using the compositions in 
therapy are also disclosed. 

15 The present invention presents applications of antisense oligonucleotide 

conjugates for the treatment of diseases, and concerns antisense oligonucleotides, 
transferrin receptor antibody, interleukins, AIDS, TNF, and leukemia. Background 
information as to each of these is presented below. 

Anti»n» Qligonwclgptidg 

20 The antisense oligonucleotide is a single-stranded nucleic add, which can 

specifically bind to a complementary nucleic acid sequence* By binding to the 
appropriate target sequence, an ENA-RNA, a DNA-DNA , or RNA-DNA duplex is 
formed. These nucleic adds are often termed "antisense" because they are 
complementary to the sense or coding strand of the gene. Recently, formation of a 

25 triple helix has proven possible where the oligonucleotide is bound to a DNA duplex. 
It was found that oligonucleotides could recognize sequences in the major groove of the 
DNA double helix. A triple helix was formed thereby. This suggests that it is possible 
to synthesize sequence-specific molecules which specifically bind double-stranded 
DNA via recognition of major groove hydrogen binding sites. Le Doan, T. & at, 

30 1987, Hu;1cic Acid RgS, If "749. 

By binding to the target nucleic add, the above oligonucleotides can inhibit the 
function of the target nudeic acid. This could, for example, be a result of blocking the 
transcription, processing, poly (A) addition, replication, translation, or promoting 
inhibitory mechanisms of the cells, such as promoting RNA degradations. 
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The antisense oligonucleotide can be used to selectively suppress certain cellular 
functions. For example, in oncogenic transformed cells, oligonucleotides 
complementary to the oncogene suppresses its expression. An antisense 
oligonucleotide has been shown to inhibit c-myc protein expression in a human 

5 promyelocyte leukemia cell line, HL60, which over expresses the c-myc 

protoncogene. The antisense oligonucleotide used was complementary to regions of 
the c-myc mRNA* Wickstrom EI-., stal, 1988, PNAS OJSAV ££:1028-1032 
"Human Promyelocyte Leukemia HL60 cell Proliferation and c-myc Protein 
Expression are Inhibited by an Antisense Pentadecadeoxynucleotide Targeted Against c- 

10 mycmRNA". See also Harel-Bellan. A., et aL. 1988. Exp. Med,. 168:2309-2318 
"Specific Inhibition of Lymphokine Biosyntheses and Autocrin Growth Using 
Antisense Oligonucleotides in Thl and Th2 Helper T-cell clones". 

Antisense oligonucleotide can also be used to inhibit replication and expression 
of nucleic acid foreign to the host cells. Antisense oligonucleotides are prepared in the 

1 5 laboratory and then introduced into cells, for example, by microinjection, uptake from 
the cell culture medium into the cells, or expressed in cells after transfection with 
plasmids or retroviruses carrying an antisense gene. Antisense oligonucleotides were 
first discovered to inhibit the following viral replication or expression in cell culture: 
Rous sarcoma virus, vesicular stomatitis virus, herpes simplex virus type 1, simian 

20 virus, and influenza virus. Since then, inhibition of mRNA translation by antisense 
oligonucleotides has been studied extensively in cell-fiee systems including rabbit 
reticulocyte lysates and wheat germ extracts. Inhibition of viral function by antisense 
oligonucleotides has been demonstrated in vitro using oligonucleotides which were 
complementary to the AIDS HIV retrovirus RNA. Goodchild, J., 1988, "Inhibition of 

25 Human Immunodeficiency Virus Replication by Antisense Oligodeoxynucleotides", 
Pfoc. Natl. Acad. Sri. fUSA\ 85 (15^ :5507-11. The i2ooddlild study showed that 
oligonucleotides that were most effective were complementary to the poly(A) signal; 
also effective were those targeted at the 5* end of the RNA: the cap and 5' untranslated 
region, next to the primer binding site and at the primer binding site. The cap, 5' 

30 untranslated region, and poly(A) signal lie within the sequence repeated at the ends of 
retrovirus RNA (R region) and the oligonucleotides complementary to these might bind 
twice to the RNA. 

Toxicity studies in mice have shown that antisense oligodeoxynucleotides 
inhibit HIV only at high levels. Goodchild, J., Id. This is due in part to limited cell 
35 permeation of some derivatives. Because the oligonucleotides are expensive, the high 
dosage level necessarily increases the cost of treatment As a result, research into 
modified oligonucleotides has been conducted Examples of such modifications 
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include: terminal blocking groups, intemucleoside methylphosphonates or 
phosphorothioates, cc-analogues, covalent addition of polylysine or other ligands, (e.g. 
attachment of iron EDTA cm* have analogs to the oligonucleotides), acridine or its 
derivatives, and other intercalating agents. See e.g. Stein, C A. et al, 1988, Cancer 
5 Res,, 4& 2659-2668, "Oligonucleotides as Inhibitors of Gene Expression: A Review 11 ; 
Helene, C, 1989, Br. J. Cancer, £Q:157-160, "Artificial Control of Gene Expression 
by Oligodeoxynucleotides Covalently Linked to Intercalating Agents." Also included 
are carbamate linked nucleic acid analogs, and antisense 2-OMe RNA oligonucleotide. 
Stirchak, E.P., fital, 1989, Nnc. Adds Res.. 12(15):6129-6141, entitled "Uncharged 
10 Stereoregular Nucleic Acid Analogs: 2. Morpholino Nucleoside Oligomers with 

Carbamate Intemucleoside Linkages"; Lamond, A.I., fit al., 1989, £slL 5&:383-390, 
"Probing the Structure and Function of U2 snRNP with Antisense Oligonucleotides 

madeof2 , -OMeRNA". 

Sequence-specific suppression of viral expression in T-cells chronically infected 

15 with human immunodeficiency virus 1 (HTV-1) has been demonstrated using antisense 
phosphorothioate oligodeoxynucleotides. Matsukura, M, 1989, "Regulation of Viral, 
Expression of Human Immunodeficiency Virus in Vitro by an Antisense 
Phosphorothioate Oligodeoxynucleotide Against Rev (art/trs) in Chronically Infected 
Cells", Prnc. Natl Acad Sri. fUSAl M4244-48. OHgodeoxynucleotide 

20 methylphosphonates have also been demonstrated to inhibit HIV expression. Sarin, 
P.S., 1988, "Inhibition of Acquired Immunodeficiency Syndrome Virus by 
Oligodeoxynucleotide Methylphosphonates", Proc. Natl. Acad. Sci. (TJSA\ 
35(20):7448-5L 

Recently, there has been research into the formation of a triple helix consisting 
25 of oligonucleotide bound to a DNA double helix. Sfifi Helene, aaaa. Triple helix 

formation opens new possibilities to control gene expression at the transcriptional level. 
For example, it has been reported recently that myc gene transcription could be 
inhibited in vitro by a purine-rich DNA oligonucleotide recognizing a sequence 
upstream of the transcription initiation site, and this is thought to result from triple helix 
30 formation. Cooney. M. C. et al., 1988, Sldsncs. 241:456-459, Copney further 
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Aqti-trcnsfcrrin Receptor Antibody and IntcrMn 

Transferrin is the major iron transport protein found in human blood. When 
transferrin binds to the transferrin receptor found on the cell surface, the transferrin is 
35 internalized. When transferrin receptor antibodies bind to the transferrin receptor, they 
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are also internalized into the cell through a highly efficient coated pit pathway. 
Fitzgerald, DJP., fit al, 1983, "Enhancement of Toxicity of Anti-Transferrin 
Receptor Antibody-Pseudomonas Exotoxin Conjugates by Adenovirus", Prod Natl, 

A™rt. SSL fP&AV 80:4134-4138. 
5 Intedeukin is produced by T-cells, and other cell types. For example, 

interleukin 2QL2, T-cell growth factor) is produced by T-lymphocytes after antigen- 

i 

or mitogen-stimulation and is required for the proliferation of activated T-cells. IL 2 is 
an essential mediator of the immune response. Paetkau, V. f 1981, Nature* 221*689, 
"Lymphokines on the Move"; Ruscetti, F. W.fitai, 1981, BIqqjL 42:379, "Human T- 

1 0 Lymphocyte Growth Factor: Regulation of Growth and Function of T-Lymphocytes". 
There is also preliminary evidence that it may be responsible for the abnormal cell 
proliferation in human lymphoblastic leukemias. Gillis, S. fii al-» 1980, AACR, 
Abstract No. 955:238, "Correlation of Elevated Terminal Transferase Activity (TdT) 
with Production of T-Cdl Growth Factor (TCGF) in Human Leukemia Cells"; Venuta 

15 S. el al> "Production and Regulation of Interieukin-2 in Human Lymphoblastic 
Leukemias Studied with T-Cell Monoclonal Antibodies", (submitted). Activated T- 
cells, for example, T-cells activated by lipopolysaccharide, have IL-2 receptors. 

Human T-cell leukemia-lymphotropic virus (HTLV) refers to a family of T-cell 

i 

20 tropic retroviruses. Such viruses, which have a role in causing certain T-cell 

neoplasms, are presently divided into three main types or subgroups: (1) HTLV-type I 
(HTLV-I), which appears to cause adult T-cell leukemia-lymphoma (ATLL); (2) HTLV- 
type II (HTLV-II), which has been isolated from an individual having a T-cell variant 
of hairy cell leukemia; and (3) HTLV-type m (HTLV-IE), which has been identified as 

25 the etiologic agent of acquired immune deficiency syndrome (ADDS). HTLV-DI is also 
known as lymphadenopathy-associated virus (LAV), AIDS related virus (ARV) and 
human immunodeficiency virus (HIV). (The HTLV-IE virus will hereinafter be 
referred to as HIV or AIDS virus.) Popovic, M, st si, 1984, Science, 22&497-500; 
Gallo, R.G, fit Alt 1984, Science. 224:500-503; Wong-Staal, F. and Gallo, R.C., 

30 1985, Nature. 212:395-403; and Curran, J.W., ct al, 1985, Science 222:1352-1357. 

AIDS was first recognized in 1981 and since that time, the disease has come to 
be recognized as a new epidemic. RNA Tumor Viruses (2d edition), 2:437-443, Cold 
Spring Laboratory, 1985. 

HIV infection is associated with the development of the clinical syndrome of 

35 AIDS. The following may be an explanation of the mechanism by which HIV 

operates. HIV appears to attack helper T-cells (T-lymphocytes or OKT4-bearing T- 
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cells as they are sometimes known, and macrophage), monocytes, and possibly other 
human cells, e.g., certain cells within me brain. The invaded helper T-cells when 
activated become HIV producers. The helper T-cells are quickly destroyed and their 
number is depleted to such an extent that the body's B-cells and other T-cells normally 
5 stimulated by helper T-cells no longer function normaUy or produce suffix 

lymphoMnes and antibodies to destroy the invading virus or other invading microbes, 
etc 

While the HIV virus does not necessarily cause death direcdy, it does in many 
cases cause the immune system to be so severely depressed that the infected individual 

1 0 is infected or afflicted with various other diseases, that are often life threatening, such 
as herpes, cytomegalovirus, Kaposi's sarcoma and Epstein-Barr virus related 
lymphomas. Thus, much effort is being put into developing methods of detecting the 
presence of HIV in body tissues and fluids (e.g., blood, saliva), developing vaccines, 
and prophylactics and therapeutics. So far, only one drug AZT (3' -Azido- 3' - 

15 d^xymyrnidine) has been approved by the United States Food and Drug 

Administration to treat AIDS. AZT has serious side effects and limited efficiency. 
Therefore, there remains a need for a method for preventing the disease or for treating 
those who become infected with the virus. However, current efforts to develop a broad 
spectrum anti-HTV vaccine may be seriously compromised, in light of the variation in 

20 envelope proteins (which are the principal antigenic determinants of the virus) observed 
among various strains of HTV. Hahn, OH., fital- 1985, ESAS (USA), 32:4813- 
4817; Benn, S., ctflL, 1985, Sciences, 23Q:949-?51. Other methods of blocking the 
effects of the virus are clearly needed. 



25 



30 



TprfnffftH niseflSfts/SvmPtoms 

Endotoxin, a Upopolysaccharide (LPS) component of the cell wall of certain 
.ri a nft*n «mses the infected mammal to develop sepsis characterized by 



hypotension, disseminated intravascular coagulation, renal, hepatic, and cerebral 
injury, which eventually lead to the death of the mammal. The mechanism of action of 
LPS is unclear. It is widely believed that after its introduction, LPS stimulates 
macrophage cells to produce tumor necrosis factor (TNF) and other factors. Recent 
w< implicates TNF as a cause of many negative effects associated with sepsis. 
Injection of TNF in mice and other animals mimics the effects of LPS and causes.tissue 
injury, shock and death. However, other studies imply that al low doses, TNF is 
beneficial to the infected animal to combat infection. For example, it had been found 
35 that mice injected with TNF were more resistant to certain forms of malaria. Further, 
TNF had been shown to stimulate macrophages and other blood cells to kill the 
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parasites that cause Chaga's disease and schistosomiasis. However, in another study, 
TNF appeared to mediate a lethal inflammation of webrammrmce infected with 
malaria. The mice could be protected by antibody that neutralizes the brain damagmg 
effect of TNF. Further, human patients with severe meningococcal infections and 
5 relatively high levels of the TNF in their blood were more likely to die from sepsis than 
patients with no detectable levels of the polypeptide. Old, L.G., 1988, Ss&Ms. 
America. Mav :59-75. "Tomor Necrosis Factor". 

Additionally, TtSF has been shown to be involved in initiating the expression of 
hvm » n immnn rvfeficiencv virus in human cells that carry latent virus. Folks.st.al., 
10 1989, pktas <TTSA1. J&2365. Therefore, it appears that the prevention of or 

inhibition of TNF production would serve as a valuable prophylactic for the treatment 
of AIDS patients by preventing the expression of virus that is latent in the patient. 

Li summary, it appears that TNF is helpful in the local control of injury and 
infection, but may also be toxic when released in large amounts or at particularly 
15 sensitive sites. Therefore, research has been conducted to block TOFs action where 
its effects becomes more detrimental than protective. To date, the research has centered 
around anti-TNF antibody Tracey, fit sL 1987, HalfflS, 22Q:662, and molecules with 
TNF inhibitory activity such as those present in the urine of febrile patients. Seckmger, 
atil.- 1988, T T?vp. Med.. 1£Z:1511. However, the particular non-antibody TNF 
20 inhibitor has not been purified and characterized to the point where it is clinical useful. 
The anti-TNF antibody involved non-human TNF and non-human TNF antibody tested 
so far posed the problem of immunologic rejection in humans. 

Mvdnirf and Acffif T MlffihflgaiS I «*«nta ^ , 

A significant number of patients with chronic myeloid leukemia (CML) and 
25 acute lymphocytic leukemia (ALL) exhibit a cytogenetic abnormality known is 

Philadelphia (Ph') chromosome. Kawasaki, E.S., "Diagnosis of Chronic Myeloid and 
Acute Lymphocytic Ixukemias by Detection of Uukenik-Specific mRNA Sequence 
Amplified* Vitro", 1988, E3A£HISA1 S23698-5702. The Philadelphia 
translocation fuses the BCR and ABL genes, resulting in the expression of leukemia- 
30 specific chimeric BCR-ABL messenger RNAs. Oligodeoxynucleotides complementary 
to this unique fusion sequence have been shown to hybridize to the BCR-ABL mRNA. 
The specific sequences of the oligonucleotides are as follows: 

In die case of CML, the oligonucleotide, 
GCTGAAGGGCTT A TTOAACTCTGCTTA hybridizes to BCR exon 3/ABL and exon 
35 n junction sequences; and oligonucleotide GCTGAAGGG CTT A CTTCCITATTGATG 
hybridizes to BCR exon 2-ABL and exon E fusions. In the case of ALL, 
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oligonucleotide GCTGAAGGGCrT A CTGCX5TCTCCAT hybridizes to tbe junction of 
BCR/ABL. In the above sequences, the arrows denote the junction between BCR and 
ABL exons. 

In summary, there is a need to identify and develop methods and compositions 
5 for treating diseases that have hitherto been intractable, particularly AIDS, sepsis, and 
certain forms of cancer. Hie instant invention describes a method applicable for the 
treatment of these diseases. 

This invention relates generally to the inhibition and regulation of expression of 
foreign and cellular RNA or DNA in cells by means of antisense oligonucleotides 
10 conjugated to a ligand binding molecule that recognizes cell surface molecules. The 
antisense oligonucleotide used in the conjugate of this patent application includes 
oligonucleotides, which bind to single stranded nucleic acid and those which bind a 
strand of a double stranded nucleic acid The double stranded nucleic acids include 
DNA/DNA, a DNA/RNA, and RNA/RNA. These antisense oligonucleotides include 
1 5 unmodified and modified nucleic acids, discussed supra, in the "Background of the 
Invention" section. Further, ias used in this patent application, the oligonucleotide can 
be either an oligoribonucleotide or a oligodeoxyribonucleotide. 

More specifically, this invention relates to the inhibition of viral expression or 
replication in viral infected cells, and endogenous nucleic acid function in cells. 
20 Specific examples are compositions useful in AIDS, TNF induceil diseases/symptoms 
and cancer therapy comprising antisense oligonucleotides conjugated to antibody 
against cell surface antigen, growth factors, antibody to growth factors, antibody to 
growth factor cell surface receptors, and antibody to a complex comprising growth 
factor and growth factor receptor. Also shown are methods of making the 
25 compositions, and methods of using the compositions in therapy. 

Figure 1 presents the sequence of the oligonucleotides BB01, BBG2, and 

BB03. 

Figure 2 presents the sequence of the oligonucleotides BB04, BB05, and 

BB06. 

30 Figure 3 graphically presents competitive binding data comparing the 454A12- 

oligonucleotide conjugates with 454A12-rRA immunotoxin. 

Figure 4 presents the result of tbe first experiment testing the efficacy of the 
454A12-oligonuclcotides for inhibiting HIV viral functions. 

Figure 5 presents the result of the second experiment testing the efficacy of the 
35 454A12^UgonucleotidesforinMbitingHTV viral functions. 

Figure 6 presents the location of the TNF sense sequences on HuTNF cDNA 
which can serve as the templates for antisense oligonucleotides in a conjugate with 
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antibodies for inhibition or suppression of TNF induced diseases/symptoms, for 
example, sepsis. 

The invention described herein presents conjugates comprising a ligand binding^ 
molecule and one or more antisense oligonucleotides bound to the ligand binding 

5 molecule. These conjugates present a more efficient means than found in the prior art, 
for the delivery of antisense oligonucleotides into cells, that is via attachment to a cell 
surface targeting molecule. Due to low cell permeation, the prior art shows that high 
levels of antisense oligonucleotides are required to be effective. Because 
oligonucleotides are expensive, the invention enables a more effective and less costly 

10 use for the oligonucleotides. Additionally, because the oligonucleotides are cell 

targeted, they spend less time exposed to extra-cellular nucleases, which may degrade 
the oligonucleotides. For degradatory effect of extracellular nuclease on 
oligonucleotides, SS& Udd, D.M., 1989, Br. J. Cancer. £Q:343-350, "Partial 
Protection of Oncogene, Anti-sense Oligonucleotides Against Serum Nuclease 

1 5 Degradation Using Terminal Methylphosphonate Groups". 

Further, unlike other conjugates, for example immunotoxins, which are toxic if 
they permeate non-targeted cells, conjugates consisting of antisense oligonucleotide and 
ligand binding molecule have the advantage of being non-toxic to non-targeted cells. 
This is because the antisense oligonucleotide specifically suppresses or inhibits only the 

20 targeted complementary nucleic acid, leaving non-targeted nucleic acid and therefore the 
non-targeted cells unharmed. The antisense oligonucleotide used in the conjugate of 
this patent application includes oligonucleotides, which bind to single stranded nucleic 
acid and those which bind to double stranded nucleic acid. The double stranded nucleic 
acids include DNA/DNA, a DNA/RNA, and RNA/RNA. These antisense 

25 oligonucleotides include unmodified and modified nucleic acids, discussed supra, in the 
'Background of the Invention" section. Further, as used in this patent application, the 
oligonucleotide can be either an oligoribonucleotide or a oligodeoxyribonucleotide. The 
conjugate may be produced from its individual components as described below. 
Hie invention described below draws on previously published work in 

30 molecular biology/biochemistry. By way of example, such work consists of scientific 
papers, patents or pending patent applications. All of these publications, those 
described previously as well as those described below are hereby incorporated by 
reference* 

Synthesis of ftg Qligomiclgotitos and Addition of Sulfhydryl Group Thereto 

35 Oligonucleotides may be synthesized according to standard methods known in 

the art For example, one method for the synthesis and characterization of the 





WO 91/04753 



ohgodeoxynucleotides is discussed in Goodchild, J., Sim- oligonucleotides with 
reactive sulfhydryl groups can also be synthesized on an automated DNA synthesizer 
according to methods known in the art. Several references teach methods of 
introducing a sulfhydryl group at the 5' terminus of synthetic oligonucleotides. For 
example, Connolly, 1985, Mas, Acids Res.l3(12^4485-4502, describes a method of 
incorporating a sulfhydryl moiety into synthetic DNA using S-trityl-O-methoxy- 
moipholinophosphite derivatives of 2-mercaptoethanol, 3-mercaptopropan-l-ol and 6- 
mercaptohexan-l-ol. Connolly further describes derivatization of the sulfhydryl- 



PC 
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10 improved procedure can be used and is described in detail in PCT patent application, 
PCT/US85/03212, Levenson, G, ctaL "Oligonucleotide Functionalizing Reagents 
and Methods", filed September 19, 1988. 

Ligand Binding Molecules 

The ligand binding molecule includes any cell surface iecognizing.molecule. It 

15 can include any molecule with a specific affinity for a cell surface component The cell 
surface component can be those generally found on any cell type. Preferably, the cell 
surface component is specific to the cell type targeted. More preferably, the cell surface 
component also provides a pathway for entry into the cell, for the bligonucleotide- 
ligand binding molecule conjugate or the oligonucleotide attached thereto. Preferably, 

20 the conjugation of the oligonucleotide to the ligand molecule does not substantially 
interfere with the ability of the ligand binding molecule for binding to the cell surface 
molecule or for entry of the conjugate or oligonucleotide into the cell. More preferably, 
the ligand binding molecule is a growth factor, an antibody to a growth factor, or an 
antibody to a cell surface receptor. Alternatively, the ligand binding molecule is an 

25 antibody which recognizes a complex of growth factor and receptor. 

In the preferred embodiment, the ligand binding molecule is an antibody or 
antigen binding fragment derived therefrom. Antibody, either polyclonal, monoclonal, 
bispecific, etc., may be generated by methods well known in the art The more * 
preferred embodiment antibody is transferrin receptor antibody. The preferred 

30 transferrin receptor antibody is described in EPA 226,419, "Anti-human Ovarian 
Cancer Immunotoxins and Methods of Use Thereof*, published June 24, 1987, 
applicants Bjorn,M. J.filfil, and denoted 454A12, therein. (Samples of the 
hybridomas which produce the monoclonal antibody had been deposited with the 
Collections of In Vitro International Under the accession number IVI 1 0075. This 

35 deposit was made under the Budapest Treaty and will be maintained and made 
accessible according to the provisions thereof.) The 454A12 binds to transferrin 



^^^^^ 




PCIYUS90/05272 

WO 91/04753 



10 

receptors, but does not substantially inhibit binding of transferrin to the transferrin 
receptor. Itis thus different from the transferrin rmncclonalandbodies claimed in 
U.S. Patent No. 4,434,156, which inhibit binding of transferrin to the transferrin 
• receptor. Both types of transferrin antibody are suitable ligand binding molecules. 

5 OKgonudeotides can' be conjugated to the l^and . bindbg molecule for example, 

through disulfide, amides, or thioethers bonds, or through peptide linker, or any other 
type of chemical bond that is sensitive to cleavage in lysosomes by either enzymes or 

the acidic environment. 

0 The preferred embodiment conjugate comprises ligand binding molecule and 

oligonucleotide bound by a disulfide bond. Exemplary of this approach is binding the 
preferred antibody 454A12 to oUgonucleotides by a disulfide bond. 
Ohgodeoxynucleotides with the following sequences were used: 
CIX3GTCTAACCAGAGAGACC (designated BB01); and 

L 5 GCAAGCTTTATTGAGGCTTA (designated BB02). The control has the following 
sequence: CAGTCAGTCAGTCAGTCAGT (designated BB03). BBOlwas 
complementary to the cap or initiator codon and BB02 was complementary to the 
poly(A) signal of the HIV genomic RNA. The cap and poly(A) signal lie within the 
sequence repeated at the ends of the HIV RNA (R region). BB03 is a 20-mer not 

20 complementary to the HIV RNA. BB03 has been tested and shown to be inactive. 
Goodchild, J., supra- All three oligonucleotides did not have a reactive sulfhydryl 
group. They, therefore, could not form a disulfide conjugate with the transferrin 
receptor antibodies. Figure 1 presents the sequences of the oUgonucleotides. 

In order to form a conjugate, oligonucleotides with a reactive sulfirydryl group 

25 were synthesized. In the preferred embodiment, the oligonucleotides with reactive 
sulfhydryl groups were designated BB04, BB05, and BB06, each with a sequence 
corresponding to BB01, BB02, and BB03 respectively. Hgure 2 presents the 
sequences and data on these otigonucleotides. The oligonucleotides had the following 
generalized structure (the sulfhydryl group was denoted as X in Hgure 2): 

30 <3 

HS^^O^^O*^* O^V^O-P-O-5' DNA 

-6 

Atmesarretta*,asulfoydrylgroupwM The oligonucleotide was 

covalently linked to the 454A12 through a disulfide exchange reaction between the 
35 sulfhydryl groups of the two compounds. This reaction is described below. 
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Addition of Sulfhvdrvl Group on the Antibody 

The addition of a thiol group or an activated disulfide group to an 
immunoglobulin is known in relation to the synthesis of immunotoxins. U.S. Patent 
No. 4,340,535, Jul. 20, 1982, Voisin fit al, "Cytotoxic Products Formed by 
5 Covalent Bonding of the A Chain of Ricin with an Antibody and the Process for Their 
Preparation and Use." The procedures disclosed therein regarding addition of the thiol 
group to the antibody is incorporated hereby* 

In our preferred example, Ellman's reagent was added to a solution of 454A12 
antibody in 40 mM phosphate buffer containing 1 mM EDTA (final concentration of 

1 o 454A12 was 3.2 mg/ml, and that of Ellman's reagent was ImM. Final pH of the 

mixture was 8). The reaction was allowed to proceed for 30 minute at room 
temperature. At the end of 30 minutes, the reaction mixture was cooled in an ice bucket 
to 4*C and a ten fold excess of 2-iminothiolane reagent was added. The reaction 
mixture was allowed to continue at 4 # C overnight. At the end of the reaction, the 
15 excess reagents were separated on a 1J5 x 15 cm column of Sephadex G-25 

equilibrated with 40 mM sodium phosphate, pH 7.6, containing 0.2 M NaCl and ImM 
EDTA, 

Disulfide Linka ge of the Oligonucleotide with the Antibody 

The derivatized antibody was then covalently linked, in a disulfide exchange, to 
20 the sulfhydiyl group on the oligonucleotide. This linkage was achieved by incubating 
the two components (454A12-1T-TNB at 4 nM and oligonucleotide at 100 nM, final 
concentration) overnight at 4*G The sample turned yellow, indicating that the TNB 
group was being released and the desired product was being formed 

The sample was then passed through a 2.5 x 24 cm column of Sephadex G-25 

2 5 resin equilibrated with 40 mM sodium phosphate, pH 7.6, containing QJ2 M NaCl. 

The separation profile of a standard mixture of proteins was compared to 454A12 
which elutes at 20.3 minutes. The reaction mixture containing the conjugate 454A 12- 
BB06, was run on GF250 preparation HPLC in PBS, pH 7.6. The peak eluting at 
17.7 minutes was shown by SDS-PAGE analysis *o contain protein with molecular 
30 sizes larger than the unconjugated antibody. Reacuon mixtures containing 454A12- 
BB04 and 454A12-BB05 were also shown by SDS-PAGE analysis to contain protein 
with molecular sizes larger than the unconjugated antibody. 
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Analysis of thf. rnninyates for Nucleic Acid Content 

To determine the nucleic acid content of the conjugates, their absorbance at 
260 and 280 nm were observed. For this purpose, the conjugates, each in 40 mM 
sodium phosphate, pH 7.6, containing 0.2 M NaCl presterilized by filtration was used. 
The result was as follows: 



10 



Conjugate 

BB04 
BB05 
BB06 



260 
0.665 
0.719 
1.420 



Ahsorhance 

280 
0.477 
0.497 
0.980 



280/260 
0.72 
0.69 
0.69 



15 



Based on the above data, it was calculated that about 4 to 8 oligonucleotides 
were conjugated to one antibody. It is possible that higher number of oligonucleotides 
can be conjugated to each antibody. It should be noted that oligonucleotides of 
different sequences can be conjugated to a single ligand binding molecule. This is 
especially desirable for treatment of AIDS where different strains of the HIV virus exist 
in a single patient 



•JWK 



Binding Efficiency of the Conjugate to Transferrin Recce 

It is important that conjugation of the oligonucleotide to the ligand binding 
molecule not destroy the binding properties of the latter. To demonstrate that the 

20 conjugation did not destroy the ability of 454A12 to bind to the transferrin receptor on 
cell surfaces, the oligonucleotide conjugates were tested for the ability to protect cells 
against the effects of an immunotoxin consisting of 454A12 and recombinant ricin A 
chain, The result showed that the immunotoxin alone inhibited protein synthesis by 
50% at a concentration 0.01 nM. When the same experiment was done in the presence 

25 of 30 nM BB04 and BB05 conjugates, 10 fold higher concentrations of immunotoxin 
were required to reach 50% inhibition (See Figure 4). The results showed that the 
conjugates compete with die immunotoxin for the transferrin binding sites. Therefore, 
conjugation of 454A12 to the oligonucleotides did not cause detectable damage to the 
antibody binding site. The immunotoxin 454A12-rRA was made as described in EP 

30 226,419, published June 24, 1987, to Bjorn, M J. fit aL, entitled "Anti-human Ovarian 
Cancer Immunotoxins and Methods of Use Thereof ! . 
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Efficacy of the Conjugates to Inhibit HTV Viral Expression 

To test the efficacy of the above described conjugates in inhibiting HIV viral 
expression, the following procedures/experiments were carried out 

1. Isolation and Caltan of Peripheral Blood Monocytes fPBMQ and 
5 Virus Isolation bv Monocyte Cocultivation 

To test the effect of the conjugates it was desirable to have a source of HTV 
infected monocytes. Monocytes infected with HTV virus were produced in the 
following manner. Monocytes treated with rCSF-1 and maintained in culture for at 
least 7 days were used for cocultivation experiments with freshly isolated PBMC from 
10 seropositive HIV-infected individuals. The detailed procedures for isolation and 

culture of peripheral blood monocytes and virus isolation by monocyte cocultivation are 
described in Gendelman, HJB., fit aL, 1988, "Efficient Isolation and Propagation of 
Human Immunodeficiency Virus on Recombinant Colony-Stimulating Factor 1-Treated 
Monocytes", J. Exp. Med.. lffl:1428-1441. 

15 Effect of Conjugates on HIV 

Reverse transcriptase activity was assayed as an indicator of viral replication. 
Inhibition of viral replication was reflected in reduced reverse transcriptase activity. 
Assays of virion-associated reverse transcriptase (RT) activity Were performed with 
PP] deoxythymidinetriphospbate in a protocol described in detail in Willey, R. L,, 

20 1988, JL2fllfiL£2: 139-147, "In Vitro Mutagenesis Identifies a Region within the 
Envelope Gene of the Human Immunodeficiency Virus that is Critical for Infectivity." 
The efficacy of the 454A12-oHgonucleotides for inhibiting HTV viral functions was 
determined. (Figures 5 and 6 present the results, respectively). The experiments used 
unconjugated oligonucleotides (without sulfhydryl group), mixtures of unconjugated 

25 oligonucleotides (without sulfhydryl group) plus 454A12, and conjugates comprising 
4S4A12 and oligonucleotides bound by a disulfide bond. In the mixtures of 
unconjugated oligonucleotides with antibodies, the oligonucleotides were prevented 
from conjugating with the antibodies because the oligonucleotides lacked the sulfhydryl 
group necessary for linkage with the antibodies. 

30 In the experiments, each sample was introduced at the same time the monocytes 

were infected with the HTV virus, and every three days thereafter along with afresh 
change of media. The monocytes were infected with HIV at 100 viral infective units (1 
unit being the amount which results in 50% cell infection after 1 month in culture)* Hie 
reverse transcriptase levels (in count per minute per 0.01 ml) in the culture fluid were 
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measured after twelve days of cocuMvation. In the first experiment, the following 
samples were used: 



Sample Material 

1 oligonucleotide without sulfhydryl group, BB01 

5 2 oligonucleotide without sulfhydryl group, BB02 

3 oligonucleotide without sulfhydryl group, BB03 (Control) 

4 mixtures of unconjugated BB01 and antibody 4S4A12 

5 mixtures of unconjugated BB02 and antibody 4S4A12 

6 mixtures of unconjugated BB03 and antibody 4S4A12 
10 7 conjugate comprising BB04 and antibody 4S4A12 

8 conjugate comprising BB05 and antibody 454A12 

9 conjugate comprising BB06 and antibody 454A12 

10 buffer (as used in samples 1 to 9) 
Medium culture infected with HIV 

15 Background culture alone, without HIV, oligonucleotide nor antibody 



Samples 1 to 6 contained 50 lig/ml of oligonucleotides at IX concentration. 

F 

. | 

(Based on a reading of 1.6 at OD260; a reading of 32 at OD26O being indicative of 1 

,i ■ • 

mg/ml of oligonucleotide.) Samples 7 to 9 contained 19 jig/ml of oligonucleotide at IX 
concentration (based on a reading of 0.6 at OD26o)- As indicated in Figure 5, 1/100, 

20 1/1000, and 1/10,000 concentrations of the samples were used, respectively. 

The results showed that the unconjugated oligonucleotide BB01 of Sample 1 
had some inhibitory activity, but the oligonucleotide-antibody conjugates of Samples 7 
and 8 clearly inhibited the production of reverse transcriptase. 

The second experiment followed the same protocol as the first and tested some 

25 of the samples at 1/10,000 concentration. The results of the second experiment 
indicated the oligonucleotide-antibody conjugate (Sample 7) was more effective in 
inhibiting viral expression than its counterpart, the unconjugated oligonucleotide 
(Sample 1). Further, the oligonucleotide-antibody conjugate (Sample 8) was more 
effective at inhibiting viral expression than the unconjugated oligonucleotide mixed with 

30 free antibody (Sample 5). This result showed that the increase in inhibition of viral 
expression was due to conjugation of the oligonucleotide with the antibody. The 
control, non-complementary oligonucleotide mixed with free antibody (Sample 6), 
showed a higher reading of reverse transcriptase than the conjugated non-control 
oligonucleotide antibody conjugates (Samples 7 & 8) (except for days 5, where the 

35 reading for Samples 7 and 6 were the same). These experiments establish that 
oligonucleotide antibody conjugates can be used to suppress HIV expression. 





m 
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Alternative Conjugation Msthod 

Alternatively, the oligonucleotide can be conjugated to the antibody using 
heterobifunctional crosslinkers. Hie preferred crosslinkers are maleimide active esters, 
and encompass a family of crosslinkers that produce a thioether bond linking antibody 
5 and oligonucleotide consisting of an activated carboxylare, a spacer molecule that 

contains ether groups, and a maleimido group to which a thiol on the oligonucleotide 
can bind. The linker will have a preferred length of up to about 34 angstroms; 
however, longer linkers are intended to come within the scope of the invention. These 
linkers, referenced to as malsac HNS A glut, are described in U.S. patent application, 

. 10 ' Serial No. 217,938, filed July 12, 1988, to L. Houston, £t fil-> entitled "Thioether 

Linked Immunotoxin Conjugates". The procedure is described herein. Using malsac 
HNS A glut, the conjugation consists of reacting antibody having a free amino group 
with a maleimide-active ester crosslinker in a suitably buffered solution. Next, the 
derivatized antibody is separated from the crosslinker. The isolated derivatized 

1 5 antibody can then be reacted with the oligonucleotide having a sulfhydryl group. 

In more detail, the thioether bond that links the antibody and the oligonucleotide 
described herein result from heterobifunctional crosslinkers having two reactive 
groups, an active ester designed to react primarily with amino groups, preferably on the 
antibody molecule; and a maleimido group that reacts with sulfhydryl groups, 

20 preferably present on the oligonucleotide. It is important to note, however, that by 

suitable chemical modification of antibody or oligonucleotide that reaction of antibody 
can be made to occur with the maleimido group, and reaction of oligonucleotide with 
the active ester. For example, antibody or antibody fragments can be prepared having 
free sulfhydryl groups by techniques well known in the art Particularly useful is the 

25 procedure shown in Urnovitz, U.S. Patent 4,698,420, which is hereby incorporated by 
reference. Certain classes of antibody, specifically IgM and IgA, exist as aggregates 
such that antibody molecules are joined together by disulfide bonds. Reduction of the 
aggregates causes the formation of individual antibody molecules having free 
sulfhydryl groups which can be reacted with the maleimido group of the instant 

30 heterobifunctional crosslinkers. Similarly, antibody fragments can be produced using 
suitab] > enzymes, and reduced thereby rendering sulfhydryl groups available for 
reaction. Alternatively, in lieu of reducing antibody or antibody fragments to obtain a 
reactive sulfhydryl group, sulfhydryl group(s) can be introduced into these molecules 
by reactions described in U.S. Patent Nos. 4,350,626; 4,450,154, and 4340,535, 

35 which are hereby incorporated by reference. Regardless of how die sulfhydryl group is 
realized, antibody, or antibody fragment, is reacted with the heterobifunctional 
crosslinker at pH's which favor sulfhydryl maleimide reaction, preferably about pH 6. 



m 
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Synthesis of H fttftmhifancrional rmsslinkers 

The heterobifunctional cxosslinkers of the present invention consist of an 
activated carboxylate, a spacer containing ether groups, and a maleimido group. The 
initial step in the synthesis of this type of crosslinker consists of employing an ether 
5 con tainin g spacer group, preferably an ether diamine, having amino reactive groups on 
both ends of the spacer, with a reversible amino protective reactive group to block one 
of the amino groups. Next, the remaining amino group is reacted with a dicarboxylic 
anhydride; glutaric anhydride and succinic anhydride can be employed, among others. 
The protecting group is then removed, preferably by exposure to acid, and the 
10 deprotected amino group reacted with an active ester of maleimido to introduce a 









itfTi 



spacer contains fl maleimido group at one end, and a group capable of forming an active 
ester, that is to say, a carboxylic acid, at the other. This molecule is then reacted with 1- 
hydroxy-2-nitrobenzene-4-sulfonic add in the presence of a suitable condensing agent 
15 to yield the maleimide active ester. It will, of course, be understood by those skilled in 
the art that each of the reactions described above is followed by suitable purification 
procedures. 

It is important to note that spacers of various length can be employed to produce 
the instant crosslinkers. The preferred spacer has a length of about 34A; however, 

20 additional spacers considerably shorter or longer in length can be used and are available 
from Texaco Chemical Company under the trade name Jeff amine. 

The synthesis of the heterobifunctional crosslinkers involves initially reacting 
the diamino containing spacer with the protecting group, 2-tert- 
butoxycaibonyloxyimmo-2-phenyt^ (BOC). Suitable chromatographic 

25 techniques permit the isolation of the mono-BOC-spacer-NIfe molecule. The preferred 
dicarboxylic anhydride, glutaric anhydride, is reacted with the mono-BOC-spacer. 
Suitable chromatographic isolation of the ieactants yields BOC-spacer-glutarate. The 
BOC group is removed, generally using trifluoroacetic acid, the add removed and the 
product reacted with a suitable active maleimido ester, preferably maleimido-6- 

30 aminocaproyl-ester of l-hydroxy-2-nitrobenzene sulfonic acid, to yield maleimido-6- 
aminocaproyl-spacer-glutarate, that hereafter is abbreviated mal-sac-spacer-glutarate. 
Knally, the heterobifunctional crosslinker is produced by reacting l-hydroxyl-2- 
nitrobenzene-4-sulfonic acid with mal-sac-spacer-glut in the presence of a suitable 
condensing agent, such as dicyclohexylcarbodiimide. Thus, the preferred 

35 heterobifunctional maleimide-active ester crosslinker is maleimido-6-aminocaproyl- 
spacer-glutarate ester of l-hydroxyl-2-nitrobenzene sulfonic add, abbreviated as mal- 
sac-spacer-glut-HNSA. 



• 
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Glutarvl Ester of l.H vrirnxvU2-Nitrp^n^ft Sulfonic Acid 

In more de tail , the synthesis of the preferred embodiment heterobifunctional 
crosslinker was conducted as follows. 
5 A maleimido active ester crosslinker about 34 A in length, as measured from the 

two reactive functional groups of the spacer, was synthesized as follows. 
Approximately 61.4 grams of the ether diamine, 4,9-dioxa4,12-^ecanediamine, was 
dissolved in 600 ml of anhydrous methanol. To this solution was added a slurry 
containing 81.2 grams of 2-(tert-butbxycarbonyloxyimino)-2-phenylacetom (BOC- 

10 ON) in 150 ml methanol The latter is an amino group protective agent The mixture 
was allowed to react overnight, and then concentrated by rotary evaporation, followed 
by purification on a silica gel column. The mixture was added to the column, and the 
column first exposed to chloroform : methanol : acetic acid, 80 : 20 : 10. This solvent 
removed the bis-BOC, or, 4,9-dioxa-l,12-dodecanediamine derivative, and the mono- 

1 5 BOC dodecanediamine derivative was eluted with chlorof arm : methanol : acetic acid, 
70 : 30 : 5. Approximately 53.1 grams of a thick oil was produced, and thin layer 
chromatography using chloroform : acetic acid, 90 : 10 revealed the starting material, 
4,9-dioxa-l,12«*iodecanediamine to have a Rf value of about 0.08, which was 
visualized with iodine vapor or ninhydrin. The mono-BOC protected 4,9-dioxa-l,12 

20 dodecanediamine had a Rf of about 0.72 and also was reactive with iodine vapor or 
ninhydrin. High voltage paper electrophoresis having a pH 1.85, and run at 500 volts 
for 20 minutes revealed that the diamine starting material had a migration distance of 
8.8 centimeters and the mono-BOC derivative had a migration distance of about 4.7 
centimeters. At a pH 3.5, the diamine starting material migrated 14.4 centimeters and 

25 the mono-BOC protected diamine had a migration distance of about 6. 1 centimeter. 

The mono protected spacer (BOC-spacer-NKfe) was derivatized to contain an 
acid reactive group by adding 4.1 grams of BOC-spacer-NHj in 40 ml of pyridine, 
followed by the addition of a two fold molar excess, or 3.08 grams of glutaric 
anhydride. The reaction was allowed to proceed overnight, followed by removal of the 

30 pyridines vacuo . The residue was taken up in chloroform and extnuned three times 
with 0.5 M aqueous citric acid, followed by three further extractions with saturated, 
aqueous sodiuta chloride. The chloroform phase was dried over anhydrous 
magnesium sulfate and concentrated to a thick oil by rotary evaporation. This resulted 
in crude BOC-spacer-glutarate (BOC-spacer-glut), which was purified on a silicate gel 

35 column in a solvent system comprising chloroform: acetic acid, 90 : 10. About 1 .48 
grams of a thick oil was recovered, and thin layer chromatography using a developing 
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solvent of methyl-t-butyl ether: chtorofonn: acetic acid, 6:3: 1, revealed an iodine and 
ninhydrin positive species with an Rf of about 0.14, and a second species with an R f of 
about 0.49, which also reacted with iodine, but did not react with ninhydrin. The 
iodine/ninhydrin reactivity profile indicated feat fee species with fee Rf value of 0.14 is 
5 BOC-spacer-NHfc which would be expected to react with both reagents. Ninhydrin 
reacts with fee free amino group. In contrast, the absence of ninhydrin staining with 
fee species having the R f value of 0.49 is consistent wife the formation of BOC-spacer- 
glut This was supported by fee observation feat when fee protecting group, BOC, 
was removed wife 6 NHC1, fee resulting deprotected molecule was ninhydrin positive. 

1 0 Further characterization of fee reaction protect revealed feat in n-butanol:acetic 

acid-water, 120 : 30 : 50, BOC-spacer-NH 2 had an R f of about 0.73 and the BOO 
spacer-glut an Rf of about 0.83. 

BOC-spacer-glut was treated with trifluoroacetic add to remove the BOC 
group. This was carried out by dissolving 1.6 grams of BOC-spacer-glut-OH in 20 ml 

15 of 95% trifluoroaceiic acid followed by stirring for 30 minutes at room temperature. 
Trifluoroacetic acid was removed by rotary evaporation, and the residual oil dried 
overnight in vacuo. The resulting deprotected, NHj-spacer-glut was dissolved in 2.0 
ml of dimethylforrnamide. This solution was neutralized with disopropylemylamine, 
followed by adding 2.68 grams of maleimido-6-aminocaproyl ester of l-hydroxy-2- 

20 nitrobenzene-4-sulfonic add (sodium salt). The reaction was effected at room 

temperature with continuous stirring. The progress of the reaction was monitored by 
measuring the formation of the amount of l-hydroxy-2-nitrobenzene sulforic add 
dianion that results from the aminolysis of the active ester. This is readily achieved by 
diluting 1 microliter aliquots of the reaction rnixture into 5 ml of 0.01 M phosphate 

25 buffer, pH 7.0 and reading the absorption of the solution at 406 nm in a 

spectrophotometer. A method for performing this procedure is described in Aldwin & 
Nitecki Analytical BinrfiMroW iffrAOA nog?) 

After the reaction had gone to completion, generally within about thirty minutes, 
the mature was chromatographically purified on a LH-20 Sephadex column (45 cm x 

30 40cmpre^ufflbratedmdimethytfc^ 

glutarate (mal-sac-spacer-glut) eluted first from the column. Fractions containing this 
derivative were pooled, concentrated in vacnq and purified using preparative thin layer 
Chromatotron chromatography. Four mm thick silicate gel plates were employed with 
the solvent chloroform : methanol : acetic acid, 90 : 10 : 10. A further purification was 

35 achieved using high pressure liquid chromatography with a Waters DeltaPrep 3000 

HPLConaxnicroBondapakC18cdunmandagradientofacet^ : 
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trifluoroacetic acid. About 03 grams of product was obtained Thin layer 
chromatography using chloroform, acetic acid, methanol, 90 : 10 : 10 revealed that mal- 
sac-spacer-glut had an Rf of about 0.66, whereas in the solvent system chloroform : 
methanol : acetic add, 70 : 3 : 5 an Rf of about 0.92 was observed Consistent with the 
5 formation of mal-sac-spacer-glut was the reaction of the product with iodine vapor, 
chlorox spray, which is indicative of amide bonds, and a reagent reactive with 
maleimides, Keller, O. and Rudinger, J., Helv. Chim. Acta , 5&531 (1975). 

Lasdy, maleimido-6-aminocaproyl-spacer-glutaryl ester of l-hydroxy-2- 
nitrobenzene sulfonic acid was formed by dissolving 0.2 grams of raal-sao spacer- glut- 
10 OH in 4.0 ml of dimethylformamide, followed by adding 0.534 grams of l-hydroxy-2- 
nitrobenzene sulfonic add and 0.305 grams of dicyclohexylcarbodiimide. The mixture 
was allowed to react overnight at room temperature, and the active ester product 
chromatographed over a LH-20 Sephadex column as described above. The 
identification of fractions containing mal-sac-spacer-glut-HNSA was achieved by 
15 spotting a drop of a fraction on to a porcelain plate, followed by the addition of a drop 
of 5 N NaOH. The latter causes the hydrolysis of the ester, thereby producing a bright 
yellow color indicative of the HNS A anion. Fractions so identified as to contain mal- 
sac-spacer-glut-HNSA had the dimethylformamide removed in vacuo, and purified on a 
silica gel Chromatotron 2 mm thick thin-lay er-chromatographic plate, using a solvent 
20 system consisting of chloroform : methanol : acetic acid, 70 : 30 : 5. The ester 

containing fractions identified as described previously were pooled and concentrated by 
rotary evaporation. About 0.1 13 grams of a pale yellow solid product was obtained 
which contained 94,1% ester. The product was shown to have a Rf of about 025 in 
chloroform : acetic acid : methanol, 90 : 10 : 10, and an Rf value of about 0.75 in 
25 chloroform : methanol : acetic add, 70 : 30 : 5, Spectral analysis revealed strong 

absorbance in the UV. Moreover, the product reacted positively with iodine, chlorox 
spray, and the maleimide reactive reagent These results indicate that the product is the 
desired hetcrobifunctional maleimide active ester crosslinker, maleimido-6- 
aminocaproyl-spacer-glutaryl ester of l-hydroxy-2-nitrobenzene sulfonic add, which 
30 has the structure: 




<CT2)3-co-nh-(ch^ 



-CX>Q^SC>3Na 
35 NO2 
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Synthesis of OhVonnde,otide Anribndy Conjugates Through Thioether Bonding 

In general, the procedure for forming the oligonucleotide antibody conjugate 
consists of reacting antibody, either polyclonal or monoclonal, having a free amino 
group with a maleimide-active ester, produced as described above, in a suitably 
buffered solution. Preferably, the maleimide-active ester is present in about a two-fold 
molar excess over antibody, and the pH of the solution is slightly alkaline to maintain 
the antibody's amino group in an unprotonated state. The reaction of antibody with the 
thioether crosslinker can be followed by monitoring the absorbance of the solution at a 
wavelength of about 406 nm. Aldwin & Nitecki, supra. An increase in absorbance at 
this wavelength is the result of the dianion leaving group, HNSA, and the reaction of 
antibody amines to form stable amide bonds. Because hydrolysis of the crosslinkefs 
active ester is slow relative to aminolysis, most of the leaving groups absorbance is due 
to amide bond formation. The reaction of antibody with the crosslinker is for a time 
sufficient to introduce about 0.5-3 crosslinker molecules per antibody molecule. Next, 
the derivatized antibody is separated from the crosslinker, using any number of 
standard biochemical separation techniques. Preferably the separation procedure will 
be accomplished using a gel filtration column, and more preferably Sephadex G-25 
( Ph a rmac ia Corp.) will be employed. The column is pie-equilibrated with a 
chrpmatographically compatible aqueous buffered solution. The isolated derivatized 
antibody can then be reacted with the oligonucleotide having a sulfhydryl group as 
described below. 

Oligonucleotide having a free sulfhydryl group can be directly reacted with the 
derivatized antibody in an aqueous buffered solution compatible with the reaction. The 
oligonucleotide and antibody concentrations, and the duration of the reaction may vary 
depending on the number of oligonucleotide molecules sought to be bound to antibody. 
The reaction is preferably run at 4°C overnight 

Synthesis of the Preferred Oligonucleorid^Antihodv Qaaagaigs 

More specifically, the synthesis of the more preferred oligonucleotide-antibody 
conjugate was carried out as follows. 

The monoclonal antibody 454A12 was reacted with the heterobifunctional 
crosslinker, mal-sac-spacer-glut-HNSA as follows. 10 mg/ml of 454A12 was reacted 
with a two-fold molar excess of the thioether crosslinker in 0.1 M sodium phosphate, 
pH 8, for about 25 minutes at room temperature. The progress of the reaction was 
followed by measuring the absorbance as described in Example I at 406 nm. At the end 
of 25 minutes the absorbance had increased to 0.57, and the derivatized antibody was 
separated from the reaction mixture by gel filtration using a Sephadex G-25 column 




WO 91/04753 PCT/US90/05272 



21 

(2.5 x 17 cm) in 40 mM sodium phosphate buffer, pH 6, containing 200 mM NaQ. 
This material was reacted, as described below, with the oligonucleotide having a 
reactive sulfhydryl group. 

The oligonucleotide with reactive sulfhydryl group was combined with 
5 derivatized antibody in a 1 : 2 molar ratio ( antibody : oligonucleotide with sulfhydryl 
group). The solution was concentrated using an Amicon stirred ultra-filtration device. 
Hie buffer employed was 40 mM sodium phosphate, pH 7.6, containing 200 mM 
Nad The reaction was allowed to proceed overnight at 4°C, and the sample was then 
chromatographed over GF 250 gel filtration column (PBS pH 7.6). The fractions 
1 o collected were run on 6.5% SDS-PAGE and conjugates were observed having 

molecular weight greater than the unconjugated antibody, 150,000 KD, but less than 
210,000 kD. 

Alternatively, to maximize the conjugation, the oligonucleotide with reactive 
sulfydryl group is combined with derivatized antibody in a 1:25 molar ratio (antibody: 

15 oligonucleotides with sulfhydryl group). TTie oligonucleotide and antibody 

concentrations may vary depending on the number of oligonucleotides bound to the 
antibody. Additionally, after the reaction has proceeded overnight at 4'C, the sample 
can be chromatographed over a Sepharose S-300 column (2.2 x 80 an) in 40 mM 
sodium phosphate, pH 6.5, containing 200 mM Nad This step removed any 

20 unreacted oligonucleotides with the sulfhydryl group. 

Fractions containing either free antibody, if any, or oligonucleotide antibody 
conjugate can be identified using a suitable analytical technique, such as sodium 
dodecyl sulfate polyacrylamide gel electrophoresis. The oligonucleotide antibody 
conjugates so isolated can, if desired, be concentrated by any suitable technique known 

25 in the art followed by sterilization. The latter is readily achieved by passing the 

oligonucleotide antibody conjugate through an 02 micron filter* 

■ 

The above conjugates would be as efficacious as conjugates formed by disulfide 
linkages, and the methods of use of both types of conjugates would be similar. 

/Alternative Conjugates 

30 The above specific description of an exemplary conjugate and testing against 

HIV was presented to illustrate the invention. It should not be construed as limiting the 
invention. For example, it will be apparent to those skilled in the art that any antisense 
oligonucleotide that is complementary to the RNA of the retrovirus genomic HIV may 
be used in the conjugation described above. It has been demonstrated that 

35 oligodeoxynucleotides complementary to certain highly conserved regions of the HTV 
genome inhibit virus replication or gene expression in cultured HIV-transfonned human 
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lymphocytes. U. S. Patent No. 4,806,463, Goodchild ct fll.. February 21, 1989, 
"Inhibition of HTLV-III by Exogenous Oligonucleotides." That is, 
oligodeoxynucleotides complementary to (1) sequences 5' to the primary tRNAlys 
binding site; (2) the primer binding site; (3) sequences of a mRNA donor splice site; or 
5 (4) sequences of a mRNA acceptor splice site have been shown to cause inhibition. EL 
Examples of the locations on the HIV genome which can serve as the templates for the 
antisense oligonucleotides are: the tRNAlys primer binding site; regions of the HIV 
genome vicinal in the 5' direction to the tRNAlys primer binding site; the tRNAlys 
primer binding site and regions of the HIV genome vicinal in the 5* direction to the 

1 0 tRNAlys primer binding site; the mRNA donor splice sites; the mRNA acceptor splice 
sites; the initiator codon for the gag gene; the initiator codon for the env gene; the 
initiator codon for die tat gene; the initiator codon for the sor gene; the initiator codon 
for the 3' orf gene; the cap nucleotide of the HIV genome; die art gene or portions 
thereof; the region of the HIV genome encoding a frameshift; the poly (A) addition site; 

15 and equivalents thereof. The specific antisense oligonucleotide sequences which can be 
used are: CTGCTAGAGATddT; TGCTAGAGATITTCCACAC; 
TTCAAGTCCCTGTrCGGGCGCCAAA; GCGTACTCACCAGTCGCCGC; 
CTGCTAGAGATTAA; ACACCCAATTCTGAAAATGG; 

CTGGTCTAACCAGAGAGACC, GCAAGCTTTATTGAGGCTTA; and equivalents 
20 thereof. Alternatively, the oligonucleotide can target HIV nucleotide sequences which 
code for protease necessary for proper viral assembly. Oligodeoxynucleotides blocked 
at the 3' end by ddT, the isourea group, or other chain terminators may prove to be 
more effective inhibitors. In general; any highly conserved region of the HIV genome 
which encodes information necessary for viral replication or gene expression (e.g., 
25 protein synthesis) is a potential target for complementary oligodeoxynucleotides. 

Further, the oligonucleotide can be complementary to the viral mRNA, one strand of an 
integrated or unintegrated proviral DNA, a DNA-RNA, or RNA-RNA duplexes. 

Similarly, the antisense oligonucleotide conjugate can be used to inhibit 
replication or expression of other viruses, far example, herpes viruses in the treatment 
30 of herpes. Additonally, in the case of DNA viruses, the oligonucleotides can be 
complementary to the genomic DNA. 

The foregoing general approach of forming conjugates consisting of ligand 

• it 

binding molecule and oligonucleotides may be used to treat diseases other than viral 
infections, and preferably is applied to the treatment of sepsis, as describe4 below. 
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TNF indycg d Di^csff ymptoms 

Examples of antisense oligonucleotides that can be used for preventing or 
suppressing TNF induced diseases, for example sepsis, are those complementary to 
TNFDNAorTNFRNA. For example, oligonucleotides complementary to the 
5 following can be used: sequences around the 5' end of the TNF messenger RNA; 
sequences at the beginning of and within the mRNA region coding for the 
transmembrane domain of the TNF protein; sequence within the coding region of the 
17kD molecule. Examples of the specific oligonucleotide sequences complementary to 
the above mRNA regions are: 
10 5TC^CCCTCT^AGCTGGTCCTCTGC3 , ; 

5 , CATGCTITCAGTGCTCATGGTGTCX^T^C3 , ; 
5 f GATCAGGAAGGAGAAGAGGCTGAGGAACAA3'; 
SCTCAGCITGAGGGTrTGCS'; and 5T^CGTCCrCCTCACAGGGC3^ 

Cancer 

15 A third embodiment of the invention is to apply ligand binding molecule- 

oligonucleotide conjugates to the treatment of cancer, preferable for the treatment of 
leukemia. 

In the treatment of chronic myeloid leukemia (CML), oligodeoxynucleotide that 
can be used are complementary to the unique fusion sequence of BCR-ABL mRNAs. 
20 For example, GCTOAAGGGCTT A TIX}AACTCTO complementary to the BCR 
exon 3/ABL exon n junction sequence; and 

GCTGAAGGGCTr A CTrCCTTATTGATG complementary to BCR exon 2-ABL exon 
n fusion sequence. As for the treatment of acute lymphocytic leukemia (ALL), the 
oligodeoxynucleotide that can be used is GCTGAAGGGCTT A C1X3CGTCTCCAT, 

25 which is complementary to the BCR/ABL junction of the BCR-ABL mRNA. 

As applied to the treatment of CML or ALL, the ligand binding molecules can 
be monoclonal antibodies against leukemia-associated antigens.' Examples of these are: 
anti-CALLA (common acute lymphoblastic leukemia-associated antigen), J5, BA-3, 
REB-1, BA-2, SJ-9A4 Du-ALL-1, anti-3-3, anti-3-40, SN1 and CALL2, described in 

30 Foon, K.A., fit al., 1986, Blood. £&(1):1-31, "Review: Immunologic Qassification of 
Leukemia and Lymphoma". Hie ligand binding molecules can also be antibodies that 
identify myeloid cell surface antigens, or antibodies that are reactive with B or T 
lymphocytes, respectively. Examples of such antibodies are those which identify 
human myeloid cell surface antigens or those which are reactive with human B or T 

35 lymphocytes as described in Foon, KA, ft. Additional examples are antibodies B43, 
CD22 and CD 19 which are reactive with B lymphocytes can also be used. 
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Miscsllansoys 

It will be apparent to those skilled in the art that the oligonucleotide used in the 
conjugate for the treatment of the above diseases, and other applications, can be either 
oligodeoxynucleotide or oligoribonucleotide. Among other factors, the choice will be 
5 dependent on the ease of synthesis, the efficacy, and the relative stability and special 
advantages of the oligonucleotides in a particular system. Further, the oligonucleotides 
can be complementary to either DNA or RNA. It can also bind to either or both single 
stranded or double stranded nucleic arid* The DNA or RNA can be indigenous 
(cellular) to the cell in question or they can be foreign nucleic acids found in the host 

10 cells. The DNA can be cellular or foreign infectious DNA, e.g., those of virus, 
bacteria, yeast, fungi and other parasites. The RNA can be genomic RNA or 
messenger RNA, for example, retroviral genomic RNA, foreign or cellular mRNA. 
Where the oligonucleotide is complementary to and bound to the genomic DNA or 
RNA, it inhibits or prevents the nucleic acid from being replicated By interfering with 

15 or inhibiting the replication of the nucleic acid, the oligonucleotide interferes with or 
inhibits downstream expression of the DNA or RNA in protein synthesis. Where the 
oligonucleotide is complementary to the messenger RNA it interferes with or inhibits 
the mRNA from being expressed in protein synthesis. 

Further, the ligand binding molecule in the conjugate can be varied. Any ligand 

20 binding molecule which facilitates contact of the oligonucleotide with the target cell, or 
entry of the oligonucleotide into the cells that can be conjugated to the oligonucleotide 

i 

may be used. Examples of the ligand binding molecule are antibody or growth factor, 



1 . 









binding molecule and fragments thereof which retain the ability to recognize cell surface 
25 molecule. In the treatment of AIDS, the ligand binding molecule can be an antibody 
against a HIV antigen. In the case of interleukin, the conjugation procedure is 
essentially the same as that for the conjugation of the oligonucleotide with transferrin 
receptor antibody . 

The conjugates can be used in treating a variety of diseases. Preferably, the 
30 conjugates are used in the treatment of AIDS, prevention and treatment of sepsis, and 
treatment and suppression of tumors, as described in detail below. 

Methods for Using thg QpnjBgatcs in TYeatmentof Human Viral Infections 

As another feature of this invention, there is also disclosed a method of 
administering the conjugates to a human to treat AIDS, to inhibit the replication of the 
35 AIDS virus in infected human cells and/or to prevent AIDS from developing in humans 
infected with the AIDS virus. 
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The strategy used in treating a particular individual depends on the status of the 
individual and the objective of the treatment For example, an individual who has been 
found to be carrying the HIV virus but shows no symptoms of AIDS might be treated 
differently, in terms of both the type of conjugates administered and the dose given, 
5 than an individual who has AIDS. In addition, treatment might well differ if its 
objective is to protect uninfected cells or to have an effect on cells which are already 
infected. 

For example, an individual known to be harboring the virus but yet manifesting 
no sign of AIDS could be given a long-term or lifetime maintenance dose of the 

1 o conjugates whose inhibitory effects stop reverse transcription, e;g., by using 
conjugates with oligonucleotides complementary to" the primer binding site and/or 
sequences close to the primer binding site in the 5' direction. In this instance, to avoid 
immunologic rejection the ligand binding molecule is preferably human transferrin 
receptor antibody. In this way, the first step in viral life or replication is inhibited 

15 because viral DNA cannot be made and the virus is unable to proliferate. However, in 
an AIDS patient, cells are already infected and treatment must inhibit expression of viral 
genes already present in the infected cells. In this case, conjugates comprising 
oligonucleotides complementary to, for example, initiator codons for genes encoding 
viral proteins, are required to prevent viral construction. In an AIDS patient, uninfected 

20 cells can also be protected by administration of conjugates comprising dhgoriucleotides 
capable of blocking reverse transcription. Further, at the early stage of HIV infection, 
the patient can be administered with conjugates comprising oligonucleotide 
complementary to the HIV nucleotide sequence which encodes the protease necessary 
for the viral assembly. By inhibiting the production of protease, the unassembled viral 

25 particles will still cause antigenic marker to be expressed on the host cell, but will not 
be infections to other cells. Cells expressing such viral antigens then can be 
immunologically eliminated, either through the patient's own immune response or with 
other medical treatments. Clearly, such a treatment is viable only where the infected 
cells are relatively few, such that elirnination of these cells will not adversely affect the 

30 patients. 

Conjugates whose presence in cells can stop reverse transcription and 





m 




ti 





a number of routes, however, intravenous injection is preferred whereby the desirable 
blood level may be maintained by a continuous infusion or intemittent infusions. The 
3 5 dosage varies with such factors as the size and alge of the patient, stage of the disease, 
the concurrent treatments being given and die type of conjugates used, etc 
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For example, the desired dose may be presented as two, three, four or more 
subdoses administered as infusions at appropriate intervals throughout the day. 
Administration is by any suitable route including oral, rectal, nasal, topical (including 
buccal and sublingual), vaginal and parenteral (including subcutaneous, intramuscular, 
5 intravenous and intradermal). It will be appreciated that the preferred route may vary 
based on the factors discussed in the previous paragraph. 

The administered ingredients may be used in therapy in conjunction with other 
medicaments such as suramin, ribavirin, antimoniotungstate (HPA-23), interferon, 
e.g., alpha-interferon, interleukin II, AZT, CD4, DDC (dideoxycytidine), DDA 

1 o (dideoxyadenosine), DDI (dideoxyiriosine), lymphokines, cas teniosperamine, met- 

enkephalin, peptide T, dextran sulfate, Imreg-1 and Ampligen, and phosphonofoimate 
(Foscarnet). Further, the conjugates described herein may be used in combination with 
bone marrow or lymphocyte transplants or other medications such as levamisol or 
thymosin which would increase lymphocyte numbers and/or function as is appropriate. 
1 5 Where one of the ingredients has side effects, it is given to patients on alternate weeks. 
For example, AZT causes toxic side effects, such as myelosuppression and severe 
anemia. DDC is also toxic since it causes serious peripheral neuropathy. Since AZT 
and DDC exhibit different toxicities, they are given to patients on alternate weeks. 
While the a dmini stered ingredients may be administered alone, they may be 

2 o presented as part of a pharmaceutical formulation. Hie formulations of the present 

invention comprise at least one conjugate, together with one or more acceptable carriers 
thereof and optionally other therapeutic ingredients. The carriers) must be "acceptable" 
in the sense of being compatible with the other ingredients of die formulation and not 
deleterious to the recipient 

25 The following is an example of the procedure: the patient is administered 

intravenous infusion of the above conjugate in a physiologically acceptable carrier at a 
starting dose of 2.0-20 mg/m* daily for five days. By inhibiting viral expression, 
host cell decimation by the virus is decreased. The cells, still containing the virus, are 
treated with chemotherapy administered in conjunction with die conjugate treatment At 

30 the end of the five-day period, die patient is evaluated. The evaluation includes 

physical examination and extensive laboratory testing. The tests include evaluation for 
toxicity and specific tests directed to the determination of the T-cell counts. Subjective 
improvements of the patient are also monitored, e.g., improvement in appetite or 
strength. If the patient's condition is stable, he is re-treated at the same dosage daily 

35 and evaluated weekly. Provided the patient's condition is stable, the treatment may be 
continued. To avoid an unwanted immune response to the antibody part of the 
conjugation for long treatment periods, the preferred conjugate consist of human or 
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humanized antibody coupled to the appropriate oligonucleotide^). At the end of each 
period, the patient is again evaluated. Comparison of the pre-treatment and post- 
treatment T-cell counts indicates the efficacy of the combined treatments by showing 
whether the viral expression has been inhibited and whether the viral population has 
5 decreased According to the efficacy of the combined treatments, and the patient's 
condition, the peptide or peptide-iigand binding molecule dosage, the chemotherapy 
may be increased or maintained constant for the duration of treatment. The patient's 
condition and the status of the viral expression is monitored periodically through 
physical exam, and laboratory tests. The starting dose of conjugate and chemotherapy 

■ i 

10 is reduced for a patient who exhibits adverse reaction. 

The formulations of this invention may include other agents conventional in the 
art having regard to the type of formulation in question. 

The above is by way of example, and does not preclude methods of treatment 

that are known by those skilled in the art. It also does not preclude use of the 

; i ■ 

1 5 conjugates of treatment of other viral infection, with proper modification according to 
the specific virus involved. 

t 

>•* ■ 

Methods of Using the Conjugates in Treatment of TNF Induced Diseases/Symptoms 

As another feature of this invention, there is also disclosed a method of 
administering the conjugate to a human to inhibit TNF induced diseases/symptoms, for 
20 example, to prevent sepsis, or to inhibit and reduce sepsis after its onset 

Again, the strategy used in treating a particular individual depends on the status 
of the sepsis and the objective of the treatment For example, treatments for prevention 
of sepsis differs from that of containment or reduction after its onset 

For example, an individual Without sepsis could be given a maintenance dose of 
25 the conjugates to inhibit/stop transcription of the TNF genes. Conjugates comprising 
oligonucleotides complementary to, for example, initiator codons for the gene encoding 
TNF can prevent TNF production. Where there is already an onset of sepsis, the 
conjugates may comprise oligonucleotides complementary to the mRNA coding for 
TNF. By binding to the mRNA, the conjugates prevent translation of mRNA, 
30 therefore, production of TNF is inhibited or stopped The oligonucleotides that can be 
utilized in the conjugate are sequences complementary to the 5' end of the TNF 
messenger RNA; sequences at the beginning of and within die mRNA region coding 
for transmembrane domain of the TNF protein; and sequences within die coding region 
of the 17 kD molecule. (Figure 10 shows the locations of these sequences on the 
35 HuTNF cDNA.) 
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The above conjugates can be administered by any number of routes, but 
preferably by intravenous injection whereby the desirable blood level may be 
maintained by a continuous infusion or intermittent infusion. The dosage varies with 

is 

such factors as the size and age of the patient, stage of the disease, the concurrent 
5 treatments being given, and the type of conjugates used, etc. 

For example, the desired dose may be presented as two, three, four or more 
subdoses may be infused at appropriate intervals throughout the day. Administration is 

I 

by any suitable route including oral, rectal, nasal, topical (including buccal sublingual), 
vaginal and parenteral (including subcutaneous, intramuscular, intravenous and 

* K 1 M 

1 0 intradermal). It will be appreciated that the preferred route may vary based on the 
factors discussed in the previous paragraph. 

An example of prophylactic use of the conjugate is as follows: 3-5 hours before 
surgery the patient is administered intravenous infusion of the conjugates in a 
physiologically acceptable media at a Starting dose of 2.0-20 mg/m*. The intravenous 

15 infusion continues throughout the surgery and 1-10 days post surgery. During this 
period, the patient's reaction to the conjugate is monitored by means of physical 
examination, extensive laboratory testing and observation of the patient's subjective 
reactions. The tests include evaluation for the toxicity, and tests for the level of TNF 
produced by the patient According to the efficacy of the treatment, and the patient's 

20 condition, the conjugate dosage may be increased, or maintained constant, or decreased 
for the duration of the treatment 

While the administered ingredients may be administered alone, they may be 
presented as part of a pharmaceutical formulation, The formulations of the present 
invention comprise at least one administered conjugate together with one or more 

■ • ■ 

25 acceptable carriers thereof and optionally other therapeutic ingredients. The carriers) 

j. 

must be "acceptable" in the sense of being compatible with the other ingredients of the 
formulation and not deleterious to the recipient 

Method of Using the Conjugates of Treatment of Human Leukemia 

The conjugates can be used for inhibition or suppression of other endogenous 
30 gene expression or protein synthesis. For example, the conjugates may be used to 

suppress expression of oncogenes. 

As another feature of this invention, here is also disclosed a method of 

administering the conjugate to a human to suppress leukemia cause by mutations in the 

Ph f chromosome, 

35 The method is similar to those described in Examples I and EL The 

modifications being clinical tests for improvement include white blood cells counts. 
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All the above is by way of example, and does not preclude other conjugates, 
methods of making the conjugates and methods of treatment using the conjugates that 
are known by those skilled in the aft, or that could be arrived at by those skilled in the 
art using the guidelines set forth in this specification. 
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WE CLAIM; 

1. A conjugate for treating or preventing disease comprising a cell surface 
ligand binding molecule conjugated to at least one antisense oligonucleotide, said 
antisense oligonucleotide being complementary to and capable of hybridizing with a 
segment of a nucleic acid, said hybridization interfering with or inhibiting the 
expression or replication of said nucleic acid 

2. A conjugate according to claim 1, wherein the segment of the nucleic 
acid which is capable of hybridizing to said oligonucleotide is selected from the group 
consisting of a single stranded DNA, RNA f or a strand belonging to a duplex of DNA- 
DNA, RNA-RNA, or DNA-RNA. f 

.! 

3 • A conjugate according to claim 2, wherein the antisense 
oligonucleotide^) comprise oligodeoxynucleotides or oligoribonucleotides. 

« r 

i " ; 

4. A conjugate according to claim 2, wherein the antisense 
oligonucleotide(s) further comprise modified oligodeoxynucleotides or 
oligoribonucleotides. 

r . ' 
i r ■ 

• >t' 

5 . A conjugate according to claim 4, wherein said modified 
oligonucleotide^) are selected from the group consisting of: methylphosphonate 
oligodeoxynucleotide, phosphorothioate oligodeoxynucleotide, 2-OMe RNA 

oligonucleotide, a-oligodeoxynucleotide, a-oligodeoxynucleotide covalently linked to 

intercalating agent(s), oligodeoxynucleotide covalently linked to intercalating agent(s), 
oligoribonucleotide modified with carbamate, or oligodeoxynucleotide modified with 
polyly sine or iron EDTA or its analogues. 

6 . A conjugate according to claim 2, wherein the nucleic acid is selected 
from the group consisting of HIV viral genomic RNA, unintegrated and integrated 
proviral DNA, viral mRNA, and viral RNA-DNA duplex. 

7 . A conjugate according to claim 6, wherein said cell surface ligand 
binding molecule is selected from the' group consisting of: growth factors, antibody to 
growth factors, antibody to growth factor cell surface receptors, and antibody to a 
complex comprising growth factor land growth factor receptor. 
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8 • A conjugate according to claim 7, wherein said ligand binding molecule 
is selected from the group consisting of: transferrin, transferrin receptor antibody, 
interleukin, interleukin antibody, interleukin receptor antibody, and antibody against 
HIV antigen, 

9 ♦ A conjugate according to claim 8, wherein said cell surface binding 
molecule is a transferrin receptor antibody, said transferrin receptor antibody being 
covalently bound to the antisense oligonucleotide. 

* ■ * ■ 

10. A conjugate according to claim 8, wherein said antisense oligonucleotide 
comprises a nucleic acid which is complementary to a region of the HTV genome 
selected from the group consisting of: 

a) the tRNAiy* primer binding site; 

b) regions of the HTV genome vicinal in the 5' direction to the tRNAiy* 
primer binding site; 

c) the tRNAV* primer binding site and regions of the HTV genome vicinal 
in the 5* direction to the tRNAb* primer binding site; 

d) the mRNA donor splice sites; 

e) the mRNA acceptor splice sites; 

f) the initiator codon for the gag gene; 

g) the initiator codon for the en v gene; 

h) the initiator codon for the tat gene; 

i) the initiator codon for the sor gene; 
j) the initiator codon for the 3* orf gene; 
k) the cap nucleotide of the HIV genome; 
1) the art gene or portions thereof; 

m) the region of the HIV genome encoding a frameshift; 

n) the poly (A) region; and 

o) equivalents thereof . 

11. A conjugate according to claim 10, wherein said antisense 
oligonucleotide comprises an oligodeoxynucleotide selected from the group consisting 
of: 

a) CTGCTAGAGATddT; 

b) CTCCTAGAGATTTrCCACAQ 

c) TTX^AGTCCCTOTTOGGGCGCCAAA; 
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d) GCGTACTCACCAGTCGCCXSC; 
, e) CTGCTAGAGATTAA; 

f) ACACCCAATTCTGAAAATGG, 

g) CTGGTCTAACCAGAGAGACC; 

h) GCAAGCTITATTGAGGCTTA; and 
g) equivalents thereof. 

i 

12. A method of inhibiting HIV replication, HIV gene expression or both in 
an individual, comprising administering to said individual an effective amount of a 
conjugate comprising a cell surface ligand binding molecule conjugated to at least one 
antisense oligonucleotide; said antisense oligonucleotide being complementary to and 
capable of hybridizng with a segmeht of a HIV nucleic acid selected from the group 
consisting of viral genomic RNA, uiiintegrated and integrated proviral DNA, viral 
mRNA, and viral RNA-DNA duplet 

13. A method according to claim 12, wherein said cell surface ligand - 

^ ■ i 

binding molecule is selected from the group consisting of growth factor, antibody to 
growth factor, antibody to growth factor receptor, and antibody capable of recognizing 
a complex comprising growth factor and growth factor receptor. 

1 ■ h 

14. A method according to claim 13, wherein said cell surface ligand 
binding molecule is selected from the group consisting of: transferrin, transferrin 
receptor antibody, interleukin, interleukin antibody, interleukin receptor antibody, and 
antibody to HIV antigen. 

.«j ■ 

'j 
. > . ''* 

. , E • ■ 

15. A method according to claim 14, wherein said antisense oligonucleotide 
comprises a nucleic acid which is complementary to a region of the HIV genome 
selected from the group consisting of: 

a) the tRNAb* primer binding site; 

b) regions of the HIV genome vicinal in the 5' direction to the tRNAfc* 
primer binding site; 

c) the tRNAb* primer binding site and regions of die HIV genome vicinal 
in the 5' direction to the tRNAb* 

d) die mRNA donor splice sites; 

e) the mRNA acceptor splice sites; 

f) the initiator codon for the gag gene; 
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g) the initiator cpdon for the cnv gene; 

h) the initiator codon for the tat gene; 

i) the initiator codon for the sor gene; 
j) the initiator codon for the 3* orf gene; 
k) the cap nucleotide of the HIV genome; 
1) the art gene or portions thereof; 

m) the region of the HIV genome encoding a frameshift; 

n) the poly (A) region; and 

o) equivalents thereof. 

16. A method according to claim 15, wherein the antisense oligonucleotide 
comprises oligodeoxynucleotides selected from the group consisting of: 

a) CTGCTAGAGATddT; 

b) CTGCTAGAGATTTTOCACAC; 

c) TTCAAGTCCCTGTtCGGGCXjCCAAA; 

d) GCXjTACTCACCAGTCGCOGC; 

e) C1GCTAGAGATTAA; 

f) ACACCCAATTCTGAAAATGG; 

g) CTGGTCTAACCAGAGAGACC; 

h) GCAAGCTTTATTGAGGCTTA; and 
g) equivalents thereof. 

i 

17. A conjugate according to claim 2, wherein the antisense oligonucleotide 
is complementary to segments of TNF DNA or TNF RNA. 

1 ■ - 

IS. A conjugate according to claim 17, wherein said antisense 
oligonucleotide is selected from the group consisting of: 

a) STCTCCCTCirAGCrGGTCCTCTGCS'; 

b) 5'CATGCTTTCAGTGCTCATGGTGTCCTTTC3'; 

c) 5X5ATCAGGAAGGAGAAGAGGCTGAGGAACAA3'; 

d) S'CTCAGCTTGAGGGTTTGCS'; and 

e) 5TTCGTCCTCCTCAJCAGGGC3'. 



19. A conjugate according to claim 18, wherein said cell surface Iigand 
binding molecule is selected from the group consiting of: growth factor, antibody to 
growth factor, antibody to cell surface receptor and antibody capable of recognizing 
complex comprising growth factor and growth factor receptor. 
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20. A method of preventing or suppressing TNF induced diseases or 
symptoms in an animal, comprising administering to said animal an effective amount of 
a conjugate comprising a cell surface ligand binding molecule conjugated to at least one 
antisense oligonucleotide; said antisense oligonucleotide being complementary to and 
capable of hybridizng with a segment of a TNF RNA or TNF DNA. 

21. A conjugate according to claim 2, wherein die antisense oligonucleotide 
is complementary to BCR-ABL messenger RNA. 

22. A conjugate according to claim 21 , wherein said antisense 
oligonucleotide is selected from the group consisting of: 

a) GCTOAAGGGCTT^TTGAACTCrc 

b) GCTGAAGGGCTT'Cn'CCTTATTGATG; 

c) GCTGAAGGGC1T^CTGCX3TCTCCAT; and 

d) equivalents thereof. l - 

23 . A conjugate according to claim 22, wherein said cell surface ligand 
binding molecule is selected from the group consisting of growth factor, antibody to 
growth factor, antibody to cell surface receptor, antibody capable of recog nizing 
complex comprising growth factor and growth factor receptor, antibody to leukemia 
associated antigen. 

i m i 

24. A method for treating leukemia comprising administering an effective 
amount of a conjugate comprising cell surface ligand binding molecule conjugated to at 
least one antisense oligonucleotide, said antisense oligonucleotide being complementary 
to and capable of hybridizing with a segment of BCR-ABL mRNA. 

i 

t 

25 . A method according to claim 24, wherein said antisense 
oligonucleotides is selected from the group consisting of: 

a) GCTGAAGGGCIT A TTGAACTCIGCTTA; 

b) GCIGAAGGGCTr A ClTCCTTATIGATG; 

c) GCTGAAGGGCTT A CTGCX3TCTCCAT; and 

d) equivalents thereof. 
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26. A method of making a conjugate comprising at least one oligonucleotide 
linked to a ligand binding molecule by a disulfide linkage, comprising the steps of: 

a) addin g a sulfhydryl group to the ligand binding molecule to form a 
sulfhydiyl-ligand binding molecule complex; 

b) adding a sulfhydryl group to die oligonucleotide to fonn a sulfhydiyl- 
oligonucleotide complex; 

c) reacting said sulfhydiyl-ligand binding molecule complex with said 
sulfliydryl-oligonucleotide complex to form said conjugates; and 

d) isolating said conjugate. 

27 . A method of making a conjugate comprising at least one oligonucleotide 
linked to a ligand binding molecule by a thioether linkage, comprising the steps of: 

a) forming a ligand binding molecule complex comprising reacting said 
ligand molecule with; a heterobifiinctional crosslinker comprising an 
activated carboxylate group, a spacer molecule containing either groups, 
and a maleimide group, wherein an amino group on said ligand binding 
molecule reacts with said activated carboxylate group; 

b) isolating said ligand binding molecule crosslinker complex; 

c) adding a sulfhydryl group to an oligonucleotide to form a sulfhydryl- 
oligonucleotide complex; 

d) reacting said sulfhydryl oligonucleotide complex with said ligand 
binding molecule crosslinker complex to form said conjugates; and 

e) isolating said conjugate. 
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FIG. I 



BB01 20-MER 

CTGGTCTAACCAGAGAGACC 

MW AMMONIUM SALT 

MOLAR EXTINCTION AT 260nm 

MICROGRAMS PER OD260nm 

PICOMOLES PER OD260nm 

BASE COMPOSITION: ACGT 

Td (blot) 0.1M Na+ 

Tm @ 0.1M Na+/ .000001M Probe 

BB02 20-MER 

GCAAGCTTTATTGAGGCTTA 

MW AMMONIUM SALT 

MOLAR EXTINCTION AT 260nm 

MICROGRAMS PER OD260nm 

PICOMOLES PER OD260nm 

BASE COMPOSITION: ' ACGT 

Td (blot) 0.1M Na+ 

Tm @ 0.1M Na+, .000001M Probe 

BB03 20-MER 

CAGTCAGTCAGTCAGTCAGT 

MW AMMONIUM SALT 

MOLAR EXTINCTION AT 260nm 

MICROGRAMS PER OD260nm 

PICOMOLES PER OD260nm 

BASE COMPOSITION: ACGT 

Td (blot) 0.1M Na+ 

Tm @ 0.1M Na+, .000001M Probe 
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193700 

33.32 
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5357 
56 
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60 
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FIG. 2 



BB04 21-MER 
XCTGGTCTAACCAGAGAGACC 
MW AMMONIUM SALT 
MOLAR EXTINCTION AT 260nm 
MICROGRAMS PER OD260nm 
PICOMOLES PER OD260nitt 
BASE COMPOSITION: ACGT 
MIXED BASES: YRNMKSWHBVDXZ 



6417.65 
220400 

29.12 
4537.21 . 
6653 

0000000000010 



X=ANTI TRANSFERRIN RECEPTOR ANTIBODY, 
Td (blot) 0.1M Na+ f 
Tm @ 0.1M Na+, .000001M Probe 



63 
58 



BB05 21-MER, 
XGCAAGCTTTATTGAGGCTTA 

MW AMMONIUM SALT 
MOLAR EXTINCTION AT 260nm 
MICROGRAMS PER OD260nm 
PICOMOLES PER OD260nm 
BASE COMPOSITION: ACGT 
MIXED BASES: YRNMKSWHBVDXZ 



6453.67 
217600 

29.66 
4595.59 
5357 

0000000000010 



X=ANTI TRANSFERRIN RECEPTOR ANTIBODY, 
Td (blot) 0.1M Na+ 
Tm @ 0.1M Na+, .000001M Probe 



57 
60 



BB06 21-MER 
XCAGTCAGTCAGTCAGTCAGT 
MW AMMONIUM SALT 
MOLAR EXTINCTION AT 260iun 
MICROGRAMS PER OD260nm 
PICOMOLES PER OD260nm 
BASE COMPOSITION: ACGT 
MIXED BASES: YRNMKSWHBVDXZ 
X=ANTI TRANSFERRIN RECEPTOR ANTIBODY, 

Td (blot) 0.1M Na+ 61 
Tm @ 0.1M Na+, .OOOOOlM Probe 55 



6423.65 
215000 
29.88 
4651/16 
5555 

0000000000010 
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FIG. 3 
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t * » ■ ■ • ■ 

P 1GCAGA66ACCA6CTAAGAGG6A6AGA| A6CAACTACA6ACCCCCCCTGAA^ACAACCCTC 

AGACGCCACATCCCCTGACAAGCTGCCAGGCAGGTTCTCTTCCTCTCACATACTGACCCAC 

1U0 



ggctccaccctctctcccctgMaaggacacc 

150 




-76 

met ser thr 

ATG AGC ACT 



ilu ser met 

iAA AGC ATG 



-70 

ile arg asp val glu leu ala 

ATC CGG GAC GTG GAG CTG GCC 



Ilu 
iAG 



-60 

ilu ala leu pro lys lys thr 

,AG GCG CTC CCC AAG AAG ACA 
2U0 



ily gly pro gin 

IGG GGG CCC CAG 



-40 

ser phe 



-50 

ily ser an 

iGC TCC AGi 



an 

CGi 



cys 

TGC 




..eu 
TTG 



phe 

rrc 



leu 
CTC 
250 



ser 
AGC 



leu 
CTC 



phe 
TTC 



leu 11 


e 


val 


ala g 


CTG Al 


re 


GTG 


GCA G 



-30 



ly ala thr thr leu phe cys leu leu 

GC GCC ACC ACG CTC TTC TGC CTG CTG 

500 



his phe 
CAC TTT 



-10 



ily val 1 
iGA GTG A 



-20 

e gly pro 
C GGC CCC 



iln arg glu glu phe pro an 

:ag agg gaa gag rrc ccc agi 



asp 
GAC 
350 



iln ala Val Arg Ser Ser Ser 

:AG GCA GTC AG A TCA TCT TCT 



leu ser leu ile ser pro leu ala 

CTC TCT CTA ATC AGC CCT CTG GCC 

10 

Arg Thr Pro Ser Asp Lys Pro Val Ala His Val Val 

CGA ACC CCG AGT GAC AAG CCT GTA GCC CAT GTT GTA 
4U0 




20 

Ala Asn Pro 

GCA AAC CCT 



30 

Gin Ala GlulGly Gin Leu Gin Trp Leu Asn An 

CAA GCT GAG/ GGG CAG CTC CAG TGG CTG AAC CGI 

7j50 



Arg Ala Asn Ala 

CG§ GCC AAT GCC 



40 50 

Leu Leu Ala Asn Gly Val Glu Leu Arg Asp Asn Gin Leu Val Val 
CTC CTG GCC AAT GGC GTG GAG CTG AG* GAT AAC CAG CTG GTG GTG 

5U0 

60 

Pro Ser Glu Gly Leu Tyr Leu Ile Tyr Ser Gin Val Leu Phe Lys 

CCA TCA GAG GGC CTG TAC CTC ATC TAC TCC CAG GTC CTC TTC AAG 

550 FIG. 6-1 
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70 80 

Gly Gin Gly Cys Pro Ser Thr His Val Leu Leu Thr His Thr He 

GGC CAA GGC TGC CCC TCC ACC CAT GTG CTC CTC ACC CAC ACC ATC 

6U0 



Ser An 
AGC CGi 



90 

He Ala Val Ser Tyr Gin Thr Lys Val Asn Leu Leu Ser 

ATC GCC GTC TCC TAC CAG ACC AAG GTC AAC CTC CTC TCT 

650 

100 



Ala He Lys Ser Pro Cys Gin An 

GCC ATC AAG AGC CCC TGC CAG AGi 



110 

Glu Thr Pro Glu Gly Ala Glu 
GAG ACC CCA GAG GGG GCT GAG 

7U0 

120 

Ala Lys Pro Trp Tyr Glu Pro He Tyr Leu Gly Gly Val Phe Gin 

GCC AAG CCC TGG TAT GAG CCC ATC TAT CTG GGA GGG GTC TTC CAG 

750 



130 

Leu Glu Lys Gly Asp Arg Leu Ser Ala Glu lie Asn An 

CTG GAG AAG GGT GAC CGA CTC AGC GCT GAG ATC AAT CGi 



140 

Pro Asp 

CCC GAC 
8UG 




150 

Tyr Leu Asp Phe Ala Glu Ser Gly Gin Val Tyr Phe Gly He He 

TAT CTC GAC TTT GCC GAG TCT GGG CAG GTC TAC TTT GGG ATC ATT 

157 
Ala Leu OP 

GCC CTG TGA GGAGGACGAACATCCAACCTTCCCAAACGCCTCCCCTGCCCCAATCCC 
850 90U 



TTTATTACCCCCTCCTTCAGACACCCTCAACCTCTTCTGGCTCAAAAAGAGAATTGGGGG 

950" 

CTTAGGGTCGGAACCCAAGCTTAGAACTTTAAGCAACAAGACCACCACTTCGAAACCTGG 

10U0 

G ATTC AGGA ATGTGTGG CCTG CA CAGTGAATTGCTGG CA ACCA CTA A GA ATTC AA A CTGG 

1050 

GGCCTCCAGAACTCACTGGGGCCTACAGCTTTGATCCCTGACATCTGGAATCTGGAGACC 

HUO 

AGGGAGCCTTTGGTTCTGGCCAGAATGCTGCAGGACTTGAGAAGACCTCACCTAGAAATT 
1150 12U0 

GACACAAGTGGACCTTAGGCCTTCCTCTCTCCAGATGTTTCCAGACTTCCTTGAGACACG 

1250 

GAGCCCAGCCCTCCCCATGGAGCCAGCTCCCTCTATTTATGTTTGCACTTGTGATTATTT 

13U0 FIG. 6-2 
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AnATTTAnTAnATTTATTTATTTACAGATGAATGTATTTATTTGGGAGACCGGGGTA 



CTGAACAATAGGCTGTTCCCATGTAGCCCCCTGGCCTCTGTGCCTTCTTTTGATTATGTT 
1450 15U0 

TTTTAAAATATTTATCTGATTAAGTTGTCTAAACAATGCTGATTTGGTGACCAACTGTCA 



CTCATTGCTGAGCCTCTGCTCCCCAGGGGAGTTGTGTCTGTAATCGCCCTACTATTCAGT 



G6CGAGAMIMAGTTTGCTT 

1) Sequences around the 5' end of the TNF messenger RNA. 

2) Sequences at the beginning of and within the mRNA region 
coding for transmembrane domain of the TNF protein. 

3) Sequences within the coding region of the 17 kD molecule. 





16U0 



FIG. 6-3 
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